In order to investigate the genetic structure in an endangered Alpine plant (Eryngium alpinum L.), we developed microsatellites. Two different approaches were used: an enrichment protocol and the classical technique of hybridization on nylon membranes. We identified 25 loci, 13 of which revealed to be polymorphic. The polymorphism was rather low (2-6 alleles; H E = 0.49 ± ± ± ± 0.16), probably due to the short size of microsatellites (6 -10 dinucleotide repeats) and to the fine spatial scale investigated. However, these markers are expected to provide a new insight about the genetic processes at work within and among E. alpinum populations.
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Eryngium alpinum L. is an endangered plant found across the European Alps. Because of picking and changes in land use, the number and the size of populations are decreasing. The species is protected all over Europe and is considered vulnerable by the International Union for the Conservation of Nature (IUCN). A genetic survey was performed using amplified fragment length polymorphism (AFLP) markers (Gaudeul et al. 2000) . However, because they are dominant, AFLPs could not be used for assessing fine scale genetic structure and highly polymorphic loci such as microsatellites are needed.
Two distinct approaches were adopted. The first one used an enrichment protocol followed by a polymerase chain reaction (PCR) screening (Paetkau 1999) . The second one (Estoup & Martin 1996) was based on the transfer of colonies on nylon membranes, followed by a hybridization step with nonradioactive probes. For the enrichment technique, we first digested genomic DNA with RsaI (Boehringer Mannheim). Size-selected fragments (300 -600 bp) were then ligated in M13 phage and cloned in XL1-Blue competent bacteria (Stratagene). This allowed us to obtain single stranded DNA, which was probed with one synthetic oligonucleotide labelled with biotin (OligoExpress). We used (CA) 10 , (CT) 10 , and (ATT) 10 motifs. The hybridization reaction was then mixed with streptavidin-coated magnetic beads (Dynal MPC®-E) to allow biotin-streptavidin binding. Thus, hybridized fragments were retained through the biotin-streptavidin bead bond in a magnetic particle concentrator (Dynal MPC®-E), while unhybridized fragments were removed with supernatant. Competent cells were transformed with the enrichment mix after having broken the biotin-streptavidin bond. Resulting clones were then screened by PCR, using the universal pUC/M13 forward and the microsatellite sequence as primers. Positive clones were subsequently sequenced using PE-Applied Biosystems Big Dye Terminator Kit on an ABI 377 DNA sequencer with the universal pUC/M13 forward and reverse primers. For the second approach, after digestion with RsaI, HaeIII and AluI (Boehringer Mannheim) and ligation of size-selected fragments (300 -1000 bp) in pUC18, ultra-competent cells (Stratagene) were transformed and white clones, which contain inserts, were transferred onto nylon membranes (Boehringer Mannheim). Clones were subsequently hybridized with digoxigenin-labelled oligonucleotide probes -namely (CA) 12 , (CT) 12 , (TCT) 8 and (AAT) 8 -obtained with the DIG oligonucleotide tailing kit (Roche Molecular). Then, hybridizing colonies were detected with the DIG luminescent Detection Kit (Roche Molecular) and used as PCR templates for sequencing with the universal pUC/M13 forward and reverse primers. Mean ± S.D. 22.6 ± 7.1 0.36 ± 0.14 0.49 ± 0.16 4.1 ± 1.1 2.12 ± 0.57 T a , hybridization temperature; *starting from 65 °C, the hybridization temperature is decreased by 1° per cycle for the first 10 cycles, and is subsequently stabilized at 55 °C; H O , observed heterozygosity; H E , unbiased expected heterozygosity (Nei 1978) ; Na, number of alleles; Nae, number of effective alleles (Crow & Kimura 1965) .
When six or more dinucleotide repeats were found in the sequence, PCR primers were designed using oligo 4.0-s (Rychlik & Rhoads 1989) . Amplification reactions were prepared in a 12-µL volume containing approximately 20 ng template DNA, 0.1 mm of each dNTP (Perkin Elmer), 0.5 µm of each primer (one of them is fluorescent, Genset Oligo), 2 mm MgCl 2 (1.5 mm MgCl 2 for Ealp0.35) (Perkin Elmer), 0.5 U Taq Polymerase (Perkin Elmer), and 1× Taq Buffer (Perkin Elmer). Amplifications were performed in GeneAmp PCR System 2400 (Perkin Elmer), with following cycling conditions: 10 min at 95 °C, n cycles composed of 30 s denaturing at 95 °C, 30 s at annealing temperature (T a ), and 30 s min extension at 72 °C, and 7 min at 72 °C to complete extension (see Table 1 for T a and n). Amplified fragments were then loaded on 6% Long Ranger polyacrylamide gel and electrophoresis was run for 3 h on an automated sequencer ABI 377™ (Perkin Elmer). Microsatellite patterns were visualized with genotyper® 2.0 (Perkin Elmer).
Using Paetkau's technique, the same microsatellite was often sequenced several times within a given enriched mix (2-8 times), but also among different enrichments sometimes. This redundancy may either reflect the low abundance of microsatellites in E. alpinum genome, or may be a limit of the technical protocol. On a total of 2100 PCRscreened clones, we managed to detect 21 different microsatellites. The classical hybridization technique was carried out on 3300 colonies and enabled us to find four microsatellites. Thus, the enrichment technique enhances the yield of microsatellites from 0.12% with the hybridization technique to 1%. Moreover, all the microsatellites were low-number dinucleotide repeats (from 6 to 10 uninterrupted repeats), and eight out of 25 turned out to be imperfect or compound repeats.
The first use of these markers will be to describe the genetic structure within a valley, where E. alpinum is abund-ant (several hundreds of thousand plants) and patchily distributed. We optimized 13 polymorphic markers within the valley (Table 1 ). All other microsatellites were monomorphic both within and between valleys. This set of markers should provide a sensitive tool for investigating the genetic structure within and between populations of E. alpinum.
